A pproximately 25%-61% of learners with autism present with little or no functional speech (Weitz, Dexter, & Moore, 1997) and may be candidates for augmentative and alternative communication (AAC) approaches to replace or supplement natural speech and or handwriting (Lloyd, Fuller, & Arvidson, 1997) . Unaided AAC approaches include gestures, manual signing, and finger spelling. Aided AAC approaches include selection-based methods, such as graphic symbols, nonelectronic communication boards, speech-generating devices with synthesized and/or digitized speech output, and exchange-based approaches, such as the Picture Exchange Communication System (e.g., Mirenda, 2003) . Although there is no shortage of potential AAC approaches for individuals with autism, many families of children with autism as well as speech-language pathologists and other service providers are concerned that the use of AAC may hinder their child's natural speech production (Schlosser, 2003) . On the other hand, several authors have argued that AAC interventions might actually facilitate speech production (Blischak, Lombardino, & Dyson, 2003; Frost & Bondy, 2002; M. Sundberg, Michael, Partington, & Sundberg, 1996) .
It is understood that the primary aim of AAC intervention is to facilitate a child's communicative competence through the use of multiple communication modalities that are by their very nature supplementing ("augmentative") or replacing ("alternative") natural speech (Light, Beukelman, & Reichle, 2003) . Thus, although improvements in speech production per se are not a primary goal of AAC interventions, such outcomes do represent a welcomed bonus to AAC intervention efforts. Knowing whether AAC interventions facilitate or hinder speech production has the potential to inform current AAC intervention practices for children with autism in several ways. First, should AAC interventions be found not to hinder speech production (or even to enhance speech production), practitioners and families might be more inclined to support earlier adoption of AAC modalities and interventions rather than rely on a "wait-and-see" approach for children with limited or no functional speech. Second, if data were to show that some AAC interventions yield better speech production outcomes than others, practitioners and families could consider this evidence in their treatment selection decisions.
Thankfully, in several AAC intervention studies, the investigators have not only monitored the impact on communication skills but also evaluated the effects of AAC interventions on speech production. Any one individual study, however, cannot unequivocally reveal whether AAC intervention does facilitate speech production. Individual studies may produce certain results simply by chance, suggesting the need for a synthesis of studies. Several authors have aimed to synthesize the evidence on AAC interventions for individuals with autism (Goldstein, 2002; Koul, Schlosser, & Sanscribrian, 2001; Mirenda, 2001 Mirenda, , 2003 Mirenda & Eriksson, 2000; Paul, 2003; Potter & Brown, 1997; Schlosser & Blischak, 2001; Sigafoos & Drasgow, 2001 ; C. Sundberg & Michael, 2001; M. Sundberg, 1993) . Although these reviews offered a valuable service by synthesizing information across studies, none of them focused solely on the effects of AAC intervention on natural speech production. Moreover, the authors of these reviews provided narrative descriptions of the evidence. Narrative reviews have a tendency to be subjective and are prone to various biases, such as search and selection bias. Hence, they differ considerably from systematic reviews (Schlosser & Goetze, 1992) : Systematic reviews are literature reviews that adhere closely to a set of scientific methods that explicitly aim to limit systematic error (bias), mainly by attempting to identify, appraise and synthesize all relevant studies (of whatever design) in order to answer a particular question (or set of questions). (Petticrew & Roberts, 2006, p. 9) A computerized database search revealed three systematic reviews that bear relevance to the topic at hand (Millar, Light, & Schlosser, 2006; J. B. Schwartz & Nye, 2006; Wendt, 2007) . J. B. Schwartz and Nye (2006) evaluated the effects of manual sign intervention (sign alone or total communication) on signed and spoken communication outcomes in children with autism between 4 and 18 years of age. Although systematic in approach, this review is limited for our purposes because the included studies reported mostly signed and spoken (together) outcomes rather than spoken communication per se. Thus, the aggregated data are not relevant to our question. Only two of the eight included studies bear relevance (M. Cohen, 1979; Yoder & Layton, 1988) . Moreover, this review included only manual signing, which is just one of many AAC approaches as described earlier. Wendt (2007) aimed to synthesize all AAC interventions for children with autism spectrum disorders in terms of a number of outcomes. One of these outcomes was speech production, for which he identified seven studies. However, neither the inclusion criteria nor the coding categories were sufficiently specific to speech production because this represented only one of many dependent variables. Nonetheless, there was some overlap with and some differences from the current effort in terms of the included studies.
Finally, Millar et al. (2006) focused directly on the effects of AAC interventions on speech production in children with developmental disabilities. This included children with autism but also children with intellectual disabilities, cerebral palsy, and so forth. Six studies, involving 27 participants, met their criteria for inclusion for a best evidence analysis. None of the 27 participants demonstrated decreases in speech production, and 89% showed gains in speech production. Because the population targeted was not restricted to autism (in fact, only two studies of the best evidence analysis involved children with autism), the coded participant characteristics were kept more general. Additionally, the results were not analyzed separately for children with autism, and thus it is unclear whether the overall conclusions were applicable to children with autism per se. Also, only studies up to 2003 were included, and so more recent evidence did not enter this review. Finally, Millar et al. (2006) required that the study had to provide data not only on speech production but also on the acquisition of an AAC modality. This may have resulted in the exclusion of some studies that provided only speech production data. In order to determine whether AAC intervention rather than AAC acquisition results in increased speech production, AAC acquisition data are not necessary. Thus, there are sufficient reasons for a focused systematic review on the effects of AAC interventions on speech productions in children with autism or pervasive developmental disorder-not otherwise specified (PDD-NOS).
Method

Criteria for Inclusion
In order to be included in this review, a study needed to meet the following criteria: (a) the intervention had to be classified as within the scope of AAC, defined as the following (American Speech-Language-Hearing Association, 2002, p. 98): a set of procedures and processes by which an individual's communication skills (i.e., production as well as comprehension) can be maximized for functional and effective communication. It involves supplementing or replacing natural speech and/or writing with aided (e.g., picture communication symbols, line drawings, Blissymbols, and tangible objects) and/or unaided symbols (e.g., manual signs, gestures, and finger spelling).
(b) the intervention did not involve functional communication training (FCT) with AAC because the primary goal of these interventions is to replace challenging behaviors with appropriate communicative forms that serve the same function as the challenging behavior, and hence, FCT studies involving children with little or no functional speech typically monitor challenging behaviors and appropriate communicative behaviors but not speech production as a secondary outcome to the use of AAC (see Bopp, Brown, & Mirenda, 2004) ; (c) the participants were not functionally speaking prior to AAC intervention; (d) speech production was monitored as a dependent variable (anecdotal reports of changes in speech production did not qualify; similarly, studies that included speech as only one of several modalities constituting a correct response were excluded; studies in which the dependent measure requires natural speech and an AAC mode or natural speech and/or an AAC mode in order to be counted as correct were excluded as well [e.g., Layton, 1988] ); (e) data for speech production from single-subject experimental designs needed to lend themselves for the calculation of the percentage of nonoverlapping data (PND; i.e., graphic display of session-by-session time series data, no ceiling effects in the baseline), and data from group designs needed to permit the calculation of effect size (ES); (f ) participants had a diagnosis of autism or PDD-NOS (participants with concomitant disabilities such as intellectual disabilities qualified as well as long as they also had a diagnosis of autism or PDD-NOS; participants described as "autistic-like" [e.g., Sigafoos & Drasgow, 2001] or participants with other disabilities without autism or PDD-NOS did not qualify [e.g., Stoner et al., 2006] ); (g) the target of the intervention had to be the child with autism or PDD-NOS rather than communication partners even when the child's speech production was monitored as a dependent measure (e.g., Howlin, Gordon, Pasco, Wade, & Charman, 2007) ; (h) quasi-experimental designs, such as selected group designs or single-subject experimental designs, were used for evaluating an intervention (pre-experimental designs, such as AB designs, or group equivalents, such as pretest-posttest designs, were excluded [e.g., I. S. Schwartz, Garfinkle, & Bauer, 1998 ]); (i) in a group design, all subjects had to be classified as autistic or PDD-NOS, and more than 90% of the enrolled subjects had to enter statistical analyses (if some subjects had other developmental disabilities and there were no separate analyses for subjects with autism, the study did not qualify [e.g., DiCarlo, Stricklin, Banajee, & Reid, 2002] ; similarly, if 90% or fewer subjects entered statistical analysis, the study was excluded [Carr & Felce, 2007a] ); ( j) the study was published in a peer-reviewed journal or approved as a dissertation or thesis (conference papers from proceedings [e.g., M. Cohen, 1979] did not qualify because they typically do not offer enough detail for the coding within a systematic review); and (k) the study had to be dated between 1975 and May 2007 (the cutoff year 1975 was selected because this was approximately the time when manual signing started to be used with children with autism [e.g., Carr, Binkoff, Kologinsky, & Eddy, 1978] , and it marks the beginning of the use of single-subject experimental designs as a research methodology for evaluating treatment effectiveness [Barlow & Hersen, 1973] ).
Locating Studies
A multifaceted search strategy was implemented following published tutorials on searching for evidence (Schlosser, Wendt, Angermeier, & Shetty, 2005; Schlosser, Wendt, Bhavnani, & Nail-Chiwetalu, 2006; White, 1994) . First, the reference lists of previously cited published and unpublished reviews related to AAC and autism were examined. This yielded several potential studies (e.g., Charlop-Christy, Carpenter, Le, LeBlanc, & Kellet, 2002) . Second, several general-purpose databases were consulted, including the Cumulative Index of Nursing and Allied Health (CINAHL), Educational Resources Information Clearinghouse (ERIC), Linguistics and Language Behavior Abstracts (LLBA), Medline, and PsycINFO. The search terms used were specific to each database. In order to arrive at workable key words, the authors relied on the Pearl Growing strategy Table 1 was devised. Because this yielded only three references (including the pearl), we dropped the key word "speech development" as speech production is often a secondary consideration in AAC interventions, and therefore, a study may not be indexed as such. Instead, we replaced it with potential freetext words that might capture this dependent variable. Then we ran the search again, which increased the yield substantially. This was subsequently repeated in Medline (see Table 1 ). The pearl was not indexed in CINAHL, ERIC, or LLBA. However, similar searches were constructed for these databases.
Third, database searches were conducted to identify doctoral dissertations and master's theses specifically. With the exception of Wendt (2007) , dissertations did not qualify for inclusion in any of the previously identified reviews. The above search in PsycINFO had already yielded a dissertation for potential inclusion (i.e., Anderson, 2002) , but PsycINFO indexes only psychology-related dissertations. Therefore, a search of ProQuest Digital Dissertations yielded several additional references with relevance to the topic (e.g., Ferrara, 2005; Ganz, 2002; Son, 2006; Tincani, 2003) . Three of these dissertations, however, have been subsequently published in the peer-reviewed literature (Ganz & Simpson, 2004; Son, Sigafoos, O'Reilly, & Lancioni, 2006; Tincani, 2004) . Fourth, publisher-related databases (www.sciencedirect.com, www.springerlink.com, www.metapress.com) were searched for articles that were in press or appeared first electronically before they were published in print. This resulted in several additional potential studies and reviews, some of which are now published (Carr & Felce, 2007a , 2007b Ganz, Simpson, & Corbin-Newsome, 2007; Lancioni et al., 2007; Olive et al., 2007) . Finally, active researchers in AAC and autism were contacted via e-mail, presented with a list of heretofore included and excluded studies, and asked to nominate additional studies. This resulted in several additional nominations (Koita & Sonoyama, 2004; Koita, Sonoyama, & Takeuchi, 2003; Sigafoos & Drasgow, 2001; Yokoyama, Naoi, & Yakamoto, 2006) . Potential studies were evaluated against the inclusion checklist, which contained the items listed above. The first and second authors independently completed the inclusion checklist for each potential study. There were only two disagreements that related to an uncertainty about whether studies that did not separate teaching from testing should be excluded. Following discussion, we resolved this issue by deciding that this would not lead to exclusion but would be considered in the appraisal of the study. This resulted in an agreement of 100%. Studies that were included are provided in the reference list (identified through an asterisk). A log of excluded studies, which allows discerning readers to determine whether the inclusion/exclusion criteria have been applied as intended (Schlosser, Wendt, & Sigafoos, 2007) , is available upon request.
Data Extraction
Using a specifically developed coding form and manual , 1 the first and second authors independently read and coded each study in terms of the following categories: (a) participant characteristics (number, chronological age, gender, speech before intervention, initial vocal imitation skills), (b) AAC approach used, (c) methods (number of sessions, intervention design, the design used to evaluate the impact on speech production [e.g., single posttreatment probe, multiple pre-and posttreatment probes], type of speech [AAC-mode related, activity-related speech, generalized speech], speech measure [e.g., percentage of correct vocalizations] and technique [e.g., elicitation, observation], interobserver agreement, percentage of interobserver agreement sessions, reliability observer status, treatment integrity, treatment integrity measure, percentage of treatment integrity sessions, and treatment integrity observer status), (d) outcomes (speech outcomes and AAC outcomes), and (e) appraisal level of certainty (i.e., inconclusive, suggestive, preponderant, conclusive). Any disagreements, and there were very few, between the first and second author were resolved through a consensus-building process.
To quantitatively assess the outcomes generated from single-subject experimental designs, the PND was applied (Scruggs, Mastropieri, & Casto, 1987) . The PND method requires the calculation of nonoverlap between baseline and successive intervention (or generalization/maintenance) phases by identifying the highest data point in baseline and determining the percentage of data points during intervention (or generalization or maintenance) exceeding this level. PND scores can range from 0% to 100% and can be interpreted using the conventions set by Scruggs, Mastropieri, Cook, and Escobar (1986) : A PND greater than 90% is considered highly effective, a PND between 70% and 90% is considered fairly effective, a PND between 50% and 70% is considered of questionable effectiveness, and a PND below 50% reflects unreliable or ineffective treatments. When PND scores were summarized across participants or outcome variables, the recommendation of Scruggs et al. (1986) to use the median was not followed. Because in all cases mean and median scores were either identical or very close, due to the small number of individual PND scores, the mean instead of the median was used. For group designs, two different effect size indices were chosen that are based on the standard mean difference: Cohen's d and Hedge's g. Cohen's d was derived by calculating the difference between the two group means (the control group and the experimental group) divided by the standard deviation for those means (J. Cohen, 1988) . When group studies had small sample sizes (N < 20), Hedge's g was used instead of Cohen's d to avoid small sample bias (Lipsey & Wilson, 2001 ). Hedge's g is a simple correction of d based on the pooled standard deviation. It was computed by using the square root of the mean square error from the analysis of variance testing for differences between the two groups. For one particular group design that was based on multiple regression procedures (Yoder & Stone, 2006) , the difference in variances accounted for by the predictor variables, that is, DR 2 , served as ES index. Standard mean difference ESs such as d and g can range from -3.00 to 3.00. J. Cohen (1988) established a widely used convention to interpret the magnitude of ES: an ES below .20 is considered a small effect, an ES of .20 to .50 is a medium effect, an ES of .50 to .80 is important, and anything above .80 is considered a large effect. No specific conventions exist for the interpretation of squared multiple correlation ES. The magnitude of the difference in the variance accounted for by predictor variables gives an impression of how much stronger one predictor is over another. For the F test for multiple correlation and regression (MCR) used in Yoder and Layton (1988) , the appropriate ES index is f 2 (see J. Cohen, 1977) ; f 2 for MCR is defined as
, where R 2 is the squared multiple correlation. Cohen's conventions for interpreting f 2 are as follows: ESs of .02, .15, and .35 are considered small, medium, and large, respectively (J. Cohen, 1988) .
The appraisal consisted of an evaluation of the design and its implementation, interobserver agreement, and treatment integrity. Depending on how these three issues were addressed in a study, the evidence was appraised as (a) conclusive, (b) preponderant, (c) suggestive, or (d) inconclusive based on a taxonomy developed by Simeonsson and Bailey (1991) and subsequently employed by others (Granlund & Olsson, 1999; Millar et al., 2006; Schlosser & Sigafoos, 2002) . A study was rated conclusive if the design provided experimental control, interobserver agreement was reliable, and treatment integrity was solid, allowing the conclusion that the speech outcomes for the participant were undoubtedly the result of the AAC intervention. A study was rated as preponderant if there were minor flaws with respect to the design, interobserver agreement, or treatment integrity, resulting in the conclusion that speech outcomes were more likely than not to have occurred as a result of the AAC intervention, but the evidence was not conclusive. Evidence was rated as suggestive if the study had several minor flaws or failed to provide treatment integrity data, leading to the conclusion that it was plausible, but not certain, that speech outcomes were the result of the AAC intervention. Last, a study was rated as inconclusive if there were significant flaws in the design (regardless of interobserver agreement or treatment integrity) that precluded any conclusions regarding the impact of the AAC intervention on speech production).
Results
Results are reported separately for single-subject experimental designs and group designs. To date, there are no accepted methods available for integrating aggregated data from both types of designs (Kavale, Mathur, Forness, Quinn, & Rutherford, 2000) .
Single-Subject Experimental Design Studies
Nine single-subject studies involving a total of 27 participants met the inclusion criteria. Data are summarized in Table 2 .
Participant characteristics. The studies included between 1 and 6 participants, with a mean age of 81 months (range = 37-144 months). Of these participants, 85% (n = 23) were male, and all but one had no functional speech (i.e., fewer than 10 spoken words). This matches the general trend that more males than females are affected by autism (Fombonne, 2003) . The determinations as to whether the apparatus to produce speech was intact were based on anecdotal reports rather than an oromotor assessment. In terms of speech imitation prior to intervention, all but one of the studies did not report any information, and one study did not report on 2 out of 3 of its participants. Those studies that did report on prior speech imitation relied on anecdotal reports rather than on formal testing.
Intervention. Most of the studies evaluated the effectiveness of the Picture Exchange Communication System by itself or in comparison to manual signing. Three studies involved speech-generating devices as part of their intervention; one study examined the effects of enhanced milieu teaching to teach requesting with speech-generating devices, whereas two studies were sorting out the effects of speech output when using speech-generating devices.
Design. Data were extracted from the original studies in terms of the research design used to evaluate (a) AAC acquisition and (b) speech production. For studies evaluating the effectiveness of one intervention, the multiple baseline design or multiple probe design was used most frequently (n = 5). For studies comparing two interventions to each other, the adapted alternating treatments design appeared to be used most often (n = 2). The multiple pre-and withintreatment probe design was employed most frequently to monitor the effects of AAC intervention on speech production (n = 4), followed by the multiple pre-, within-, and posttreatment probe design (n = 3). Only one study employed a continuous probe design.
Measures. For speech production, data were extracted for the type of speech measured as well as the dependent variable and technique used. Approximately half of the studies measured only speech that was related to the AAC mode taught in that particular study. For example, if a manual sign was taught for "apple," only speech productions relative to the word apple qualified. The other half of the studies counted any speech, regardless of whether it was related to the AAC mode. In one study, both AAC mode-related speech for word approximations and any speech for the number of intelligible words were counted.
In terms of speech measures, there were some consistencies and some differences across studies: Several studies (18) T2 ( Speech design is the design used to evaluate the effects on speech production. c Speech that is related to the AAC mode being taught. monitored complete words as well as word approximations, four studies counted word vocalizations or word approximations as correct, and two studies monitored mean length of utterance. In one study, the definition of "spontaneous utterances" was unclear as to whether approximations or just complete words would count-the phrase "any verbalization" seems to suggest that approximations did qualify.
The speech measurement technique varied across studies. In some studies, speech was elicited through the presentation of an object or graphic symbol in anticipation that the child might say the name of the object. In other studies, speech was modeled for subsequent imitation. Finally, in some studies, the child was observed to monitor child-initiated speech as well as speech that was elicited by the communication partners or the computer.
The most frequently monitored AAC dependent measure related to requesting as a communicative function. One study monitored requests or initiations, making it difficult to discern the effect on either individually. One study measured commenting via the Picture Exchange Communication System. One study also examined eye contact, joint attention, and cooperative play as one dependent measure, creating problems in detecting effects for each of these behaviors individually. In one study, an AAC measure was not employed because the focus was on evaluating the effects of AAC as a feedback mode rather the teaching of the acquisition of an AAC mode (see Table 3 ).
Outcomes. The speech outcomes ranged from a PND of 0 to a PND of 100. Because the studies varied in terms of the specific treatment evaluated, the speech measure employed, and the technique for "eliciting" speech, it was deemed inappropriate to aggregate these outcomes across studies. Instead, the data from participants within a given study were aggregated across the same dependent measures and techniques (see Table 3 ). Table 3 indicates that 17 out of 21 mean PND values (or 80.95%) are classifiable in the ineffective range (i.e., below 50) whereas 1 PND mean value was in the fairly effective range (70-90), and only 3 mean PND values are classified in the highly effective range (i.e., above 90). For several dependent measures and studies, there was a considerable amount of variation across participants as indicated by the ranges. Thus, although the mean PND reflects a certain level of effectiveness, one has to keep in mind that still some participants scored in the higher ranges. For other dependent measures and studies, there was very little variation. Table 4 provides the mean PND values and ranges for the AAC outcomes aggregated across participants within the same studies. These data reveal that the majority of interventions were highly or fairly effective, with only a few interventions that were of questionable effectiveness for some outcomes, or they were ineffective. Those studies with the Picture Exchange Communication System as the independent variable and requesting as the dependent variable were aggregated across studies and yielded a mean PND of 95.2, which is highly effective. None of the other studies could be aggregated across studies. Even though there were three studies using speech-generating devices, their purposes varied, from evaluating the effectiveness of enhanced milieu teaching with a device to isolating the effects of speech output. The latter studies had the independent variable but not the dependent variable in common.
Group Design Studies
Two group design studies involving 98 participants met the criteria for inclusion. The extracted data are summarized in Table 5 .
Participant characteristics. The participants in the two group studies had a mean age of 60 months and 33 months, respectively. Although the exact levels of speech of included participants were not reported, it can be inferred from the inclusion criteria (fewer than 20 or 25 words) that the participants in the group studies presented with somewhat higher levels of speech than did the participants in the single-subject studies. One study assigned participants a priori into a low and high imitator subgroup based on objective pretesting. The groups of participants in the other study did not differ in terms of 30 plus pretreatment variables, but it is unclear to what degree the participants presented with vocal imitation skills.
Interventions and design. One study compared three different methods for introducing manual signs (sign alone, alternating between sign and speech, and simultaneous communication) with speech alone training. The other study compared the Picture Exchange Communication System with Responsive Education and Prelinguistic Milieu Teaching, which is another prelinguistic approach that does not explicitly introduce AAC modalities. Data were extracted from the original studies in terms of the intervention design and speech design used. In both studies, the randomized control trial was used for both purposes.
Measures. Both studies monitored any speech rather than speech tied to specific AAC modalities introduced. One study recorded any speech with the caveat that it needed to relate to the immediate physical or discourse context. In terms of speech measures, both studies counted only childinitiated spoken words. For example, one study measured the number of different child-initiated spoken words (echolalia or responses were not counted). The other study collected two measures: the number of nonimitative spoken acts and the number of different nonimitative words. These measures accommodated approximations and complete words. As a technique, the investigators in both studies relied on observations rather than elicitation during trials.
Outcomes. Because both studies focused on entirely different AAC interventions, no attempt was made to aggregate the outcomes across studies. However, our own ES statistical analyses were implemented for each study. For Yoder and Layton (1988) , no statistical difference between any of the four treatment conditions was found (see Table 5 ). An f 2 ES index was calculated for the multiple correlation and regression test (see J. Cohen, 1977) to examine whether pretreatment speech imitation predicted speech production outcomes. The f 2 for MCR is defined as f 2 = R 2 /(1 -R 2 ), where R 2 is the squared multiple correlation. With R 2 = .63 (from Note. Q = questionable (50-70). Yoder & Layton, 1988) , an f 2 of 1.70 was obtained, indicating a very strong effect (J. Cohen, 1988) . The calculation was repeated and confirmed using the statistical analysis software G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007) . In Yoder and Stone (2006) , the Picture Exchange Communication System yielded more nonimitative spoken acts and different words than did Responsive Education and Prelinguistic Milieu Teaching early in the study (first comparison), but these differences disappeared later (second comparison).
Discussion
The purpose of this systematic review was to determine the effects of AAC interventions on speech production in children with autism or PDD-NOS. It is important to realize that none of the included and qualifying studies (i.e., those with greater than zero baselines) reported a decline in speech production as a result of AAC intervention. Thus, the frequently raised concern that the introduction of an AAC mode would hinder speech does not seem supported by these data. At this time, this concern cannot be dismissed in its entirety, however, because it is possible that studies with such negative findings do not get published as often as do studies with positive effects on speech production (Balandin, 2007) .
Our outcomes calculations showed that most studies yielded some gains in speech production for most participants. Close inspection of the aggregated data reported in Table 3 , however, indicates that most of these gains were of modest magnitude; in fact, their PND values rank in the ineffective range according to the criteria by Scruggs et al. (1986) . The aggregated data of three studies, however, indicate gains that are fairly effective (Parsons & LaSorte, 1993 ; with speech output) or highly effective (Tincani, 2004; Tincani, Crozier, & Alazetta, 2006 [Study 2]) . It is interesting to note that the study by Tincani (2004; PND of 100 for both participants) and the first study by Tincani et al. (2006;  PND of 0 for both participants) produced conflicting results for the same intervention. In the second study by Tincani et al. (2006) , one of the participants of the first study was then submitted to a modified Picture Exchange Communication System intervention whereby vocalizations were reinforced-this is not part of the Frost and Bondy (2002) protocol. Only then was an increase in PND noted for approximations but not for complete words. This raises the possibility of individual difference variables being responsible for these differential outcomes: What is it about the participants in the Tincani et al. (2006) study that required the reinforcement when the participants in Tincani (2004) did not seem to need this to achieve successful speech production? Children with autism and PDD-NOS are known to be a very heterogeneous population. Hence, it is likely that these vast individual differences are also reflected in the pool of included studies and may have contributed to the range of speech outcomes observed across included studies. In order to shed more light on just which individual difference variables may affect speech outcomes, future research needs to do better in assessing and reporting what perceptual, speech, and language skills the children bring to the task. For example, only a few studies reported the participants' vocal imitation skills prior to AAC intervention. With a more thoughtful and systematic assessment and reporting of individual characteristics, more studies can be designed that identify potential predictors of speech production (i.e., Yoder & Stone, 2006) .
In two studies, no increases were noted for some of the participants. In Olive et al. (2007) , speech production remained the same for 2 of the 3 participants. In Schlosser, Sigafoos, et al. (2007) , 5 of the 6 participants remained at zero speech production. It is interesting that these participants also reportedly had 0% vocal imitation skills at the onset of intervention.
Our analyses of the group study by Yoder and Layton (1988) revealed no differences across the four conditions in terms of speech production and confirmed the analysis by J. B. Schwartz and Nye (2006) of the same experiment. This differs from the original study, however, in which the authors concluded that speech alone, simultaneous communication, and alternating between speech and sign were more effective than sign alone. Our finding could be due to low statistical power as there were only 15 participants in each group. With a greater n, there would have been greater power and possibly statistical differences across the conditions. Our analysis confirmed the original analyses that pretreatment speech imitation skills are a very strong predictor of subsequent speech production, regardless of the treatment conditions (sign alone, speech alone, simultaneous, or alternating). This highlights the importance of monitoring and reporting individual difference variables.
In the group study by Yoder and Stone (2006) , two comparisons were determined as significant, and accordingly, two ESs were meaningful: These are the first comparisons with each speech outcome measure. This revealed medium to important effects in favor of the Picture Exchange Communication System over Responsive Education and Prelinguistic Milieu Teaching in terms of nonimitative spoken communicative acts and the number of different nonimitative words. The magnitude of this effect was yielded within the context of child-initiated (i.e., unprompted) speech rather than speech that was somehow elicited by the experimenters. Being a more stringent measure of speech production, this outcome is indeed noteworthy. Yoder and Stone's (2006) study lends further support for the importance of uncovering child characteristics that might facilitate speech acquisition. Their exploratory analysis showed that the growth rate of the number of different nonimitative words was faster with the Picture Exchange Communication System than with Responsive Education and Prelinguistic Milieu Teaching for children who began treatment with relatively high object exploration. On the other hand, the latter group did better than the Picture Exchange Communication System group in children who began treatment with relatively low object exploration.
Directions for Future Research
In addition to the need to identify predictive child characteristics, several avenues for future research appear fruitful. Because most of the existing research has not been hypothesis driven, it would be advantageous to explore some of the hypotheses proposed in the literature (Blischak et al., 2003; Frost & Bondy, 2002; Skinner, 1957; M. Sundberg et al., 1996) . For instance, behaviorists have argued that, on the basis of Skinner's (1957) notion of "automatic reinforcement," the use of manual signing together with spoken words as neutral stimuli when paired with a reinforcer will automatically result in the child producing not only manual signs but also natural speech (M. Sundberg et al., 1996) . Frost and Bondy (2002) have claimed this speech-enhancing role of automatic reinforcement for the use of the Picture Exchange Communication System as well. Blischak et al. (2003) developed several other hypotheses to explain why the use of speech-generating devices may facilitate natural speech production. One set of hypotheses centers on the motoric effects of using speech-generating devices. For instance, it is conceivable that once a child has established a degree of automaticity in message selection and production, a reduction in physical demands will be realized, which in turn leads to increases in speech production. A related but different argument places importance on the reduction of pressure to speak through the use of alternative means. This reduction may reduce stress on all systems that must be integrated in order to produce speech and, in turn, result in increased speech production. Another set of hypotheses centers on the acoustic effects associated with the use of speech-generating devices. The immediate output provided by these devices not only increases exposure to speech models (whether or not the partner uses augmented input) to the user but also affords consistent acoustic exposure from one production to the next. This may promote attention to and imitation of the speech signal. The consistent pairing of speech with graphic symbols and their referents has been hypothesized to lead to an increased internal phonologic representation of the spoken word. This, in turn, might facilitate speech production.
Thus, although there is no shortage of hypotheses that individually or collectively explain potential increases in speech production as a result of AAC intervention, these hypotheses have yet to be tested in research. Hypothesisdriven research would have the benefit that the design, the choice of the type of speech measured, and the measurement technique logically ensues from the specific hypothesis. For instance, the "automatic reinforcement hypothesis" would lead to a focus on speech that is related to the AAC mode that is being introduced rather than on generalized speech. Additionally, hypothesis-driven research would reduce some of the variability demonstrated in the methodology across the studies reviewed here and would ultimately facilitate more meaningful aggregation of studies that investigate the same hypothesis.
Future research should also examine whether there is any causal relation between the effectiveness of acquisition of the AAC mode to speech production. A study-by-study visual comparison of Tables 3 and 4 does not seem to reveal a consistent pattern. Some studies with very good acquisition results report very poor speech production results (e.g., Ganz et al., 2007; Olive et al., 2007) , and others report excellent speech production results (Tincani, 2004) . On the other hand, studies reporting questionable to ineffective AAC mode acquisition for requesting seem to consistently report poor speech production (Charlop-Christy et al., 2002; Schlosser, Sigafoos, et al., 2007) . It is clear that there is still much to learn concerning this relationship. An interesting topic to pursue would be to ask what happens to the use of the AAC mode once speech has been acquired for the same referents. Will children continue to use both modes consistent with a multimodal approach to communication; will they, on their own, begin to rely solely on speech and drop the AAC mode; or do they require some sort of instruction in order to do so?
The methodological criteria for inclusion in this review were fairly stringent. Still, this systematic review revealed several areas that future research should more closely observe. One issue relates to the selection and description of participants (Bedrosian, 2003) . Here, it would be helpful if the determination of whether a participant presents with "no functional speech" were based on more objective data and operational definitions rather than anecdotal reports. Similarly, in future studies, researchers should objectively assess and report participants' speech imitation skills prior to intervention. This appears to be a promising potential predictor of subsequent speech acquisition as a result of AAC intervention (Yoder & Layton, 1988) .
Limitations
An attempt was made to locate unpublished theses and dissertations. This resulted in the inclusion of one thesis. With this yield, a formal analysis of publication bias was not possible. It is unknown whether there are other relevant unpublished papers sitting in researchers' file drawers, because we made no attempt to collect these. Thus, the possibility that the absence of published data of AAC interventions hindering speech is due to publication bias cannot be ruled out with this review effort. Second, although a few nonEnglish articles were considered and ruled out (e.g., Koita & Sonoyama, 2004; Türkbay, Karaman, & Çiyiltepe, 2005) , our systematic search strategy was restricted to primarily English databases and journals. Therefore, it cannot be ruled out that our findings are due to a language bias. Finally, although the second author coded all of the studies as well, we do acknowledge that the first author did code one of his own studies.
Conclusions
There is currently no evidence that AAC intervention hinders speech production in children with autism or PDD-NOS. At the same time, this systematic review suggests that the observed gains in speech production may vary across individuals and, if they do occur, are typically small in magnitude. Hence, it is important that families of children with autism and speech-language pathologists are provided with appropriate guidance to develop realistic expectations as far as anticipated gains in speech production. The potential lack of natural speech production gains, as evident in some studies, does not negate the value of AAC interventions. In fact, gains in speech production ought to be viewed as a bonus of AAC interventions rather than as an expectation per se. On the other hand, some children may produce large gains in speech production, but as of yet very little is known about the characteristics of these children.
Whether children with autism are able to imitate speech before starting an AAC intervention is the only known strong predictor of subsequent speech production as a result of manual sign intervention. Future research is needed to identify whether this predictor also applies to other AAC modalities and what other individual difference variables might contribute to speech production. In addition, future research should be hypotheses driven so that the research base can grow in a manner that is conducive to subsequent aggregation.
